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We provide an analytical proof showing that a uniformly illuminated photoemitting dielectric surface 
where the photoelectron emission has an azimuthal symmetry becomes an equipotential surface in the 
steady state. This result supports the finding of an earlier numerical simulation study of the problem. 


It has been suggested in the past that a uniformly illumi- 
nated photoemitting dielectric surface of finite extent acquires 
in the steady state a surface charge distribution as if the surface 
were conducting, i.e., the surface becomes equipotential [De 
and Criswell, 1977a, 6; Criswell and De, 1977]. This suggestion 
has important implications to the problem of electrical charg- 
ing of spacecrafts (see, e.g., Pike and Lovell [1977]) and possi- 
bly also to the problem of localized charging of the lunar 
surface [Criswell, 1973]. The theoretical suggestion was based 
on heuristic and plausibility arguments and was later sub- 
stantiated by detailed numerical simulation studies [Pelizzari 
and Criswell, 1978]. In this paper we provide an analytical 
proof of the conductorlike behavior. The only restrictions we 
place on the problem are that the photoelectron emission from 
the surface have an azimuthal symmetry and that the 
photosheath may be assumed to be collisionless. We tacitly 
assume that a steady state is attainable, which means that the 
photoelectron spectrum has a high-energy cutoff. 

In the steady state, let f(u, v, w) be the velocity distribution 
function of the electrons, where u, v, and w are the x, y, and z 
components of the photoelectron velocity V. The x and y axes 
are taken to lie on the dielectric surface, and the z axis is 
perpendicular to this surface. Since in the steady state the net 
charge of any volume element in the photosheath remains 
unchanged with time, we have 


Sve Vv. (fff pv aude aw) =0 (i) 


where J is the electric current and e is the electronic charge. 
Since for V = 0, f = 0, and since V? = 7 + v? + w, it follows 
that the function f is continuous at u = 0, v = 0, or w = 0. 
Furthermore, since the distribution function f must vanish 
whenever any of the velocity components becomes infinite, we 
can rewrite the above equation (without any loss of generality) 


as 
f° [& [Ev vita do aw = 0 (2) 


where use has been made of the fact that V - V = 0. 
Using the collisionless Boltzmann equation in the steady 
state, we find further that 


v-vj=-L ve. 2 (3) 


where ¢ is the electric potential at any point in the sheath 
(including points on the surface) and m is the electron mass. 
Combining (2) and (3), we find that at any point in the sheath, 
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(SE) [Jf (L)avaoam + (52) (ff 
(2) ado dw + (22) fff (2) dude aw = 0 


(4) 


where the limits of the integrals are the same as those in (2) 
and shall be understood in the following discussion. Note now 
that in the steady state the net flux of electrons in the z 
direction anywhere on the surface must vanish, i.e., 


[ff fw dudo dw = 0 (5) 


which indicates that f is an even function of w. It therefore 
follows that the last integral in (4) vanishes at the surface. This 
leaves us with a condition that must hold at any point on the 
surface: 


E, iff (2. du do aw + £, iff (22) au do dw = 0 (6) 


where E, and £, are the x and y components of the electric 
field at the surface. 

We shall next divide f into two components: f = f' + f!, 
where f" refers to electrons with w > 0 and f! refers to elec- 
trons with w < 0. Because of the uniform illumination of the 
surface, f' has the same value at all points on the surface. 
Because of this fact and the assumed azimuthal symmetry of 
electron emission, there is no net drift of the electrons with 
w > 0 parallel to the surface at the surface, so that 


ff flududvdw=0 (7) 


[ff fodu av dw = 0 (8) 


This means that f' is an even function of u and v, so that the 
portions of the integrals in (6) for w > 0 vanish, leaving 


E, fff (2) sudo dw + Ey iff (2) audoaw = 0 (9) 


as the steady state condition applicable at the surface. 

Suppose that at a certain point on the surface there is a 
nonzero electric field component parallel to the surface. We 
can choose our coordinate system in such a way that £, = 0 
and Ey # 0. This reduces condition (9) to 


Ey fff CL) au do dw = 0 


A nonzero Ey requires that f' incorporate a net ceratal the 
electrons in the y direction, i.e., that f! be in part an odd 


(10) 


2655 


2656 


function of v. This makes the above integral nonzero, so that 
we are faced with an absurdity. The direct conclusion is that 
there can be no electric field component parallel to the surface 
anywhere on the surface. The surface must consequently be 
equipotential. 

If we give up the assumption of uniform illumination or 
azimuthal symmetry, then the electrons with w > 0 can have 
an inherent drift along the surface, so that the preceding 
discussion does not apply. In this case the surface need not be 
an equipotential, although the basis condition expressed by (6) 
must apply. — , 
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